In this paper, a combined cooling and heating system is designed to meet the cooling and heating demands for multipurpose applications by thermodynamic solar (MATS) project. Thermal power of 1MW, cooling capacity of 300kW and heating capacity of 300kW are the project demands. Firstly, an optimization of the backpressure of the steam turbine is done based on the thermal power cycle efficiency and the cooling system driving energy. Results revealed that, a backpressure of 2.1 bar can achieve an optimum thermal power cycle efficiency of 24.57% with an optimum thermal energy to the absorption system of 98.6% from the maximum available. Then, a simulation analysis of the cooling and heating systems under climatic conditions of Borg El-Arab city is performed to estimate the required steam rate. Based on the simulation results, a steam mass flow rate of 0.622 T/h is sufficient to drive the absorption system.
INTRODUCTION
The well-known energy problem due to the unstable oil price, uncertain reserves capacity and environmental pollution problems, is stimulating the development of clean innovative technologies. The exploitation of renewable energy resources for heat and power production is commonly considered the most promising way to reduce the impact of human activities on environment. Typically, combined heating and power (CHP) systems are defined as the combined production of electrical (or mechanical), and useful thermal energy from the same primary energy source [1] [2] while combined cooling, heating and power (CCHP) systems are referred to trigeneration systems such as building cooling, heating and power [3] .
CCHP systems consist of five basic elements; a prime mover, an electricity generator, a heat recovery equipment, a thermally activated equipment and management and control devices. In terms of rated sizes, CCHP systems are categorized into micro, small, medium and large scale systems with ranges under 20kW, from 20kW to 1MW, from 1 to 10MW and above 10MW, respectively [4] . An optimal operation strategy based on the relationship between energy load and full capacity output of power generation unit is designed for the CCHP system. Reported results showed that, the optimized structured CCHP system can achieve higher performance than the MP Proceedings of the 17 th Int. AMME Conference, 19-21 April, 2016 conventional system. Moreover, the annual cost of the CCHP system is reduced more than half of that of the conventional system [5] .
Recently, a new CCHP driven by solar energy and biomass resources are used to reduce fossil fuel consumption and alleviate environmental problems [6] [7] [8] [9] [10] . A performance assessment of a CCHP system running with both methanol and solar energy was investigated by Li et al. [11] .The overall energy efficiency of the CCHP system ranged from 40% to 50% in summer conditions, and 38% to 47% in winter conditions. A comprehensive performance assessment for a CCHP system was presented in a data center. The assessment was supported by actual site operational data and transient modeling in TRNSYS. Energy, environmental and economic metrics were defined to assess the overall performance of CCHP systems [12] .In addition, comprehensive thermodynamic studies were undertaken to produce multiple commodities of a multigeneration system for residential applications [13] [14] [15] [16] .
In the present paper, a medium scale CCHP is designed as a part of multipurpose applications by thermodynamic solar (MATS) project. The CCHP system is driven by a steam turbine. Hence, a steam turbine backpressure is optimized based on the requirements of both the power and cooling demands. Based on the optimum backpressure, a theoretical analysis of cooling and heating system under identical weather data of Borg El-Arab city is investigated to estimate the required steam rate. Figure 1 shows the outline of MATS project. The project aims at promoting the exploitation of concentrated solar energy through small and middle scale facilities, suitable to fulfill local requirements of power and heat, and easily to back-up with the renewable fuels locally already available or that can be expressly produced. The MATS project is focused on the innovative concentrating solar power (CSP) technology developed by ENEA as an improvement of its solar thermodynamic technology based on molten salts as heat transfer fluid. This technology allows combined heat and power production from solar source integrated with renewable fuels, such as biomass, biogas, industrial residues etc. by means of standardized units that provide high performances and limited cost. The thermal energy produced by this plant will be used as energy source in a desalination unit included in the installation, as well as for district heating and cooling. The use of suitable heat storage systems enhance mismatch of power production from the instantaneous solar radiation availability. These features enable electrical energy production "on demand" and the optimized utilization of captured solar heat by additional loads like desalination units. The integration with a back up fuel like biomass makes the system flexible and enables continuous power production.
SYSTEM DESCRIPTION
A typical CCHP system is showed in Fig. 2 . It is comprised of a steam turbine, a generator, a vapor absorption refrigeration system (VARS) and a water heater. The steam turbine is driven by the produced steam from concentrating solar collectors and the mechanical energy is further changed into electricity power by the generator.
At the same time, the VARS and the water heater are used to generate cooling and heating demands using steam exit from the turbine. Thus, the energy demands of cooling, heating and electrical power in a building or a district can be met by this system simultaneously. The plant target is to generate thermal power, heating and cooling capacities of 1MW, 300kW and 300kW respectively.
The CCHP system contains three fluid circuits namely driving fluid circuit, absorption refrigeration circuit and cooling water circuit.In the driving fluid circuit (state points 1:4), the generated steam from the solar field sub-system is supplied to the steam turbine (60 bar and 500°C) to produce the required electric power. Then the backpressure steam flows through the generator of a water-lithium bromide single effect VARS circuit to produce the required cooling capacity. Then, the driving fluid passes through the water heater to produce the required hot water for heating demand before it returns back to the solar field sub-system.
The second circuit is a single effect VARS (state points 5:14). The refrigerant (water) flows in the left cycle (state points 11:14) while the solution (water-lithium bromide) flows in the right cycle (state points 5:10). The VARS consists of a generator, an absorber, a condenser and an evaporator, a solution heat exchanger, a solution pump and expansion valves. The saturated water vapor exits from evaporator (state point 14) flows to the absorber to mix with the strong solution coming from the solution expansion device (state point 10). Then, a weak concentration of water-lithium bromide is formed (state point 5) and pumped to the solution heat exchanger via a solution pump. The weak solution is then heated (state points 6-7) by the transferred heat from the strong solution, (state points 8-9).
In the generator, a saturated water vapor is formed and flowed to the condenser (state point 11) while the strong solution is passed through the solution heat exchanger (state point 8). The strong solution transferred its heat to the weak solution in the liquid heat exchanger and then mix with the saturated water vapor in its pressure is reduced in the solution expansion device. The saturated water vapor coming from the generator is converted into saturated liquid in the absorber after the condenser by transferred its heat to the cooling water circuit. The pressure of the saturated liquid exits from the condenser is reduced in the refrigerant expansion device and then flows to the evaporator. The heat rejected at absorber and condenser is dissipated to the ambient using the cooling water circuit (state points 15:17). It should be noted that, the cooling water flows firstly to the condenser (state point 15) and then through the absorber (state point 16). The exits cooling water from the absorber (state point 17)is cooled in the cooling tower.
METHODOLOGY
In fact, design of the CCHP system is constrained with inputs from the whole plant and has a specific target. The main input data are the temperature and pressure of the delivered steam from the solar field which are 60 bar and 500 °C. However, the main targets are to produce a thermal power of 1 MW, 300 kW cooling at 2 o C evaporator temperature and heating power of 300 kW. Firstly, the steam turbine back pressure is optimizing to get the thermal power cycle efficiency and driving energy of the VARS. Then, a theoretical study to the performance characteristics of the VARS with a fixed cooling capacity of 300 kW and under climatic conditions of Borg El-Arab city is performed to get the required steam rate. Finally, the performance characteristics of the heating system are investigated around the year to estimate the produced hot water supply.
Optimum Steam Turbine Back Pressure
The steam backpressure is an important parameter that affects the performance and efficiency of both, the backpressure steam turbine and the VARS. The steam turbine inlet conditions are 500 o C and 60 bar, and the exit conditions are dry saturated steam with a minimum saturation temperature of 100°C (1 bar).The backpressure affects the various parameters belonged to the turbine performance. Such parameters are saturation temperature that corresponding to backpressure, required steam mass flow rate, specific enthalpy of exhausted steam, turbine polytropic and isentropic efficiencies and reheat factor of the turbine expansion as follows:
Q ୲୦ = h ୴ at corresponding p ଶ (4)
Vapor Absorption Refrigeration System (VARS)
Evaporator, condenser, absorber, and generator temperatures represent the operating temperatures of VARS. The evaporator temperature is 2 o C according to the requirement of the MATS project and the condenser temperature is calculated based on the wet bulb temperature of the ambient air. The absorber temperature is higher than condenser temperature due to the series connections of condenser and absorber cooling water. The generator temperature is assumed equal to the saturated temperature corresponding to the optimum steam turbine back pressure. Hence, the operating temperatures are calculated as the following; 
The thermal coefficient of performance (COPth) of VARS is defined as the ratio of cooling capacity at evaporator and heat input to generator, i.e. 
Heating System
A heat exchanger is inserted in the system to provide a hot water for household applications by using the back pressure steam after the generator of the VARS. Assuming the water inlet temperature to the heat exchanger equal the ambient wet bulb temperature, the exit water temperature from the heat exchanger can be calculated as follows;
RESULTS AND DISCUSSION
In order to design the CCHP system according to the power, cooling and heating demands an optimization process of the backpressure of the steam turbine is MP Proceedings of the 17 th Int. AMME Conference, 19-21 April, 2016 performed. Using the optimum backpressure and the required cooling demand (300kW) as input for a simulation program under the climatic conditions of Borg ElArab city, the required steam mass flow rate for the VARS is estimated.
Optimum Steam Back Pressure
Definitely, the inlet conditions of the steam turbine (pressure and temperature) and the required steam mass flow rate (dry saturated) for the absorption system are the key factors in determining the appropriate steam back pressure. The temperature of backpressure steam represents the generator temperature in the absorption refrigeration system, where the latent heat is the source of the thermal energy required to drive the generator. The steam turbine inlet conditions are 500°C and 60 bar, and the absorption refrigeration system inlet conditions are dry saturated steam with a minimum saturation temperature of 100°C (1 bar). Hence, it is very important to detect carefully the optimum backpressure value and its corresponding temperature to maximize steam utility which can serve the two sub-systems simultaneously. Figure 3 demonstrates the effect of backpressure on the thermal power cycle efficiency ratio and thermal energy ratio for the VARS. Thermal power cycle ratio is the ratio between the thermal power cycle efficiency to the maximum possible efficiency at minimum backpressure of 1 bar (minimum required pressure for the VARS). However, the thermal energy ratio is the ratio between thermal energy to the maximum thermal available energy at 4.2 bar where an isentropic expansion takes place. Increasing the turbine backpressure increases the thermal available energy to the VARS, but reduces the thermal power cycle efficiency. In contrast happens when backpressure is reduced. The intersection point indicates the optimum value of the backpressure at 2.1bar, which gives thermal energy ratio of approximately 98.6% (3069.4 kW) and thermal power cycle efficiency ratio of 98.6% (24.57%). Figure 4 illustrates the relation between the backpressure and the steam turbine performance parameters. Increasing the turbine backpressure increases the turbine isentropic and polytropic efficiencies and the steam mass flow rate. Accordingly, the optimum backpressure lies at 2.1 bar. The corresponding values of saturation temperature, steam mass flow rate required, specific enthalpy of exhausted steam, polytropic and isentropic efficiencies are 122°C, 5.03 T/h., 2710 kJ/kg, 84.7 % and 89.5 % respectively as shown in Fig. 4 .
Reheat factor is a measure of the inefficiency of the steam turbine expansion because vapor does not obey the perfect gas laws. The reheat factor value will depend upon the steam conditions at turbine inlet and outlet and the pressure ratio of the expansion. In normal steam turbine practice, the reheat factor value is usually between 1.03 and 1.08 [17] . The equivalent reheat factor for the steam turbine expansion at the optimum backpressure value of 2.1 bar is 1.057. Cooling System Performance VARSis a heat driven system at moderate temperature and is usually coupled with solar collector or waste heat supplier. This system results in a great economy in electrical energy, mainly in places where thermal energy resources are available.
The performance of VARS is very sensitive to outside conditions, source temperature and effectiveness of the system components. The effect of climatic conditions of Borg El-Arab city is obtained on the VARS at constant source temperature of 121 o C (steam saturated temperature corresponding to pressure 2.1bar). Variation of operating temperatures, refrigerant mass flow rate, heat loads, thermal coefficient of performance and steam mass flow rate are discussed. Figure 5 shows variation of dry bulb temperature for Borg El-Arab city with year months. It can be seen that the dry bulb temperature increases to a maximum value in August and then decreases. Also, the dry bulb temperature is higher than the human comfort temperature from April to November. Hence, there is a need for the cooling process during that time period.
It should be mentioned that, VARS can be classified to a single effect or double effect absorption chiller. The double effect VARS has a higher coefficient of performance (0.8-1.2) than that of single effect (0.6-0.8), but it is required a higher temperature source than that of a single effect. The variation of minimum required generator temperature for single and double effect VARS under climatic conditions of Borg ElArab city with month is presented in Fig. 6 . Clearly, the minimum generator temperature for both systems has the same behavior of ambient temperature, which increases to a maximum value in August and then decreases. The maximum value of minimum generator temperature for double and single effect VARS is 142 °C and 104 °C, respectively. The minimum generator temperature for double effect VARS is higher than the available source temperature in most months of the year. Hence, a single effect VARS is the appropriate system according to the available heat source temperature. Figure 7 illustrates variation of condenser, absorber and generator heat loads with year months. Results reveal that the maximum valuesof condenser, absorber and generator loads in August are 324.8, 363.9 and 379.3kW, respectively. Also, the percentage increase of condenser, absorber and generator heat loads from minimum value in April up to August are 1.53%, 4.88% and 4.83%, respectively.
The behavior of COPth and steam mass flow rate during the considered period with month is presented in Fig. 8 . The required steam mass flow rate increases with month to a maximum value of 0.6202 T/h in August and then decreases, while the COPth decreases from a maximum value in April of 0.829 to a minimum value of 0.791 in August.
Heating System Performance Figure 9 depicts the effect of hot water mass flow rate on its exit temperature per month for the required heating load of 300kW. The figure shows that, at optimum hot water exit temperature of 55°C, maximum hot water mass flow rate required is 6.6T/h. If the hot water mass flow rate exceeds this value, especially in January, the hot water exit temperature will drop under the optimum value of 55°C. Hence, the heating process will not be sufficient. On the other side, the hot water exit temperature in August reaches 65°C at the specified maximum hot water mass flow rate (6.6 T/h). Thus, for 300kW heating load, the minimum hot water temperature required for domestic and industrial applications can be achieved by a hot water mass flow rate not exceeds 6.6 T/h along the year. 
CONCLUSION
In this paper, a design procedure of a CCHP system is introduced as a part of "Multipurpose application by thermodynamic solar project" (MATS) project. Based on the reported results, the following conclusions are drawn:
• As the steam turbine backpressure increases the thermal power cycle efficiency decreases while the thermal energy ratio available to the cooling system increases.
• An optimum steam turbine backpressure of 2.1 bar is obtained which achieves a thermal power cycle efficiency of 24.57% with a driving energy rate to the VARS of 3069.4 kW.
• The required steam flow rate for the cooling demands is 0.622T/h based on the simulation results under the climatic conditions of Borg El-Arab city. 
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